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Short Abstract —  
We examine dynamics of water molecules and hydrogen bonds 

at the water-protein interface of antifreeze proteins by all-atom 

molecular dynamics simulations and THz spectroscopy. Water 

dynamics in the hydration layer around the protein is analyzed 

by calculation of velocity autocorrelation functions and their 

power spectra, and hydrogen bond time correlation functions 

are calculated for hydrogen bonds between water molecules and 

the protein. Both water and hydrogen bond dynamics from sub-

picosecond to hundred picosecond time scales are sensitive to 

location on the protein surface and appear correlated with 

protein function.  
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HE antifreeze proteins (AFPs) are proteins which are 

characterized by their ability to lower the freezing point 

compared to the melting point. Thermal Hysteresis (TH) is 

the difference between both points and is a measure for 

freezing point suppression. The magnitude of the thermal 

hysteresis depends on the specific activity and concentration 

of the AFP as well as on the presence of co-solutes [1-3].  

 

Hyperactive AFPs, identified in insects give rise to thermal 

hysteresis values up to 5-6°C which exceeds that of other 

AFPs by far. In previous studies [4, 5] we speculated that the 

activity of AFP can be attributed to two distinct molecular 

mechanisms: a) short range direct interaction of a protein site 

with the growing ice face and b) long range via changes in 

the water dynamics by the solute-solvent interaction 

exceeding up to 20 Ä from the protein surface.  

 

In the present talk we combine terahertz spectroscopy and 

molecular dynamics to show that long-range-protein-water 

interactions are essential contribution to the high antifreeze 

activity of insect proteins. We support our assumption by 

studying the effect of the addition of the osmolyte sodium 

citrate.  
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